Ovine pestiviruses have the potential to reduce productivity in the British sheep flock. However, their prevalence and impact are currently poorly understood. This study aimed to estimate the exposure to pestiviruses in adult breeding ewe stock. Blood samples collected for metabolic profiling before lambing were tested using an ELISA that detected antibodies raised to both bovine viral diarrhoea virus and Border disease virus. A group of 15 animals were tested per flock. A total of 34 farms were tested, of which 13 had at least one seropositive animal. In those positive flocks between one and nine of the animals tested antibody-positive. Positive flocks were identified in all regions of Great Britain. This work suggests that exposure to ovine pestiviruses is widespread, and that it is timely to investigate flock-level prevalence and possible production impacts of endemic infection.
Introduction
As in cattle, ovine pestiviruses have the ability to cross the placenta and infect the embryo or fetus. If infection occurs within the first two months of gestation, it can result in the birth of a persistently infected animal (PI), which will shed virus for its entire life. As for bovine pestivirus, PIs are considered important for the maintenance of the disease within the flock and may survive in the flock for several years. 1 Sheep can be infected with both the ovine Border disease virus and with bovine viral diarrhoea virus (BVDv), and exposure to both has been identified in field populations. 2 The UK sheep industry is susceptible to the spread of ovine pestiviruses because the stratified system promotes interflock movement of both breeding stock (draft hill ewes and crossbred replacements) and store lambs. Under UK conditions the most important period for spread and maintenance of infection is in the autumn, possibly following the introduction of an (persistently) infected bought in breeding replacement.
However, the shorter gestation length in sheep leaves a much reduced time window for the production of PIs. This, along with the more extensive nature of the sheep industry, has been postulated to explain the lower observed prevalence of PI sheep 3 4 compared with PI cattle (discussed by Sandvik 5 ). Exposure of sheep to pestiviruses may be detected serologically using an ELISA. The ELISA used by the majority of veterinary laboratories does not distinguish between anti-Border disease virus (BDV) antibodies and anti-BVDv antibodies, but given that Border disease may be caused by either virus this is a useful characteristic in a clinical situation.
Within infected flocks at pasture, the seroprevalence has been reported to range between 6.3 and 30.0 per cent. 2 The Northern Ireland sheep flock was estimated to have a flock-level prevalence of 30.4 per cent. 6 In Ireland flock-level seroprevalence was estimated to be 46 per cent. 2 The most recent prevalence estimate found by the authors for England and Wales was published by Sands and Harkness. 7 Of 3506 sheep, 10.8 per cent were positive for anti-BVD antibody. In 2017, 26 clinical cases of Border disease were reported from UK veterinary surveillance labs. In 2016 there were 43 cases reported. 8 In utero infection of the lamb can lead to CNS hypomyelination and abnormalities of the haircoat ('hairy shaker' syndrome), as well as abortion and stillbirth. 9 There are strain differences in virulence, In addition to the classic outbreaks of hairy shakers, there has been recent recognition of the virus' effect on disease rates and production, 3 12 most likely associated with its immunosuppressive effects. However, the disease's full effect on productivity in Britain is currently poorly understood.
BDV is not currently a high profile disease, there are no associated health schemes, and there are no vaccines available. Given that all parts of the UK are currently engaged in campaigns for the control and elimination of BVDv from the national cattle herd, it is timely to ask how widespread pestivirus infection is within the national flock. 5 This study utilised samples collected from flocks across Great Britain for metabolic profiling to investigate flock-level exposure to pestiviruses.
Materials and methods
The samples tested were collected from in-lamb ewes and gimmers into lithium/heparin Vacutainer blood tubes. These samples were collected before lambing to investigate the nutritional status of the flock. These investigations involved the sampling of a maximum of 15 animals. The referring vets were requested to select animals typical of the group, often five animals from three groups (twin-bearing, triplet-bearing and first-time lambers/gimmers). The composition of the group sampled was at the discretion of the referring vet. The metadata provided with the submission were the breed, the feed the groups were receiving, the estimated weight, the number of fetuses the animal had been scanned for and the number of weeks to lambing. The submissions were likely to be from proactive farms and/ or those that were currently experiencing suspected nutrition problems. Therefore, they do not necessarily represent a random selection of British sheep flocks.
Excess plasma was decanted following initial testing and stored at −20°C. All samples submitted from January to May 2017 with adequate remaining plasma were stored. Farms were only eligible for ovine pestivirus testing if 15 samples were available. Farms were identified by a farm identification (ID) number assigned at the time of submission. The farm information was anonymous to the authors by the use of this farm ID number. The address was edited to provide only the postcode prefix as the full postcode often identifies the specific farm, which would lead to a breach in confidentiality.
Farms were randomly selected for ovine pestivirus antibody testing from all those eligible using a random number generator in R. 13 Farms were represented once in sampling (some had submitted follow-up samples so there were 30 samples available for testing). The sample selection was not stratified by either the density of the sheep population by area or by type of enterprise or breed. As the sample was not stratified and the authors have not controlled for these factors, confounding is a risk. No risk factor analysis is carried out in the study, but this lack of stratification may lead to overrepresentation or under-representation, and therefore inflation or deflation in the prevalence estimates.
The test used was a blocking antibody ELISA (IDEXX BVDV p80 Ab test) carried out by SAC Consulting Veterinary Services Farm Animal Diagnostics. This ELISA defines an animal as seropositive if it has either anti-BVDv or anti-BDV antibodies. The laboratory supplied an estimated performance for the ELISA of 96.9 per cent for sensitivity and 97.8 per cent for specificity.
Fifteen samples were tested from each flock. Flocks were defined as positive if at least one animal in the 15 tested antibody-positive. The sensitivity and specificity of this testing method in detecting flock-level exposure were calculated using the method described in Cameron and Baldock. 14 The average number of ewes per flock in the UK in 2016 was estimated to be 228, or 275 if flocks with under 20 ewes are excluded. 15 The higher number of 275 was used for estimation. The sensitivity of defining a flock as positive using the above parameters was estimated at 67 per cent and the specificity was estimated at 95 per cent. Figure 1 shows how the estimates for sensitivity and specificity in detecting exposure at the flock level would vary depending on the number of animals sampled. True prevalence was estimated using the Blaker methods, as described in Reiczigel et al, 16 using the online tool, EpiTools epidemiological calculator. 17 It was not possible to know whether an antibodypositive animal was exposed to the disease on the submitting farm or on another farm, that is, a previous holding. By nature of the sampling, only adult female sheep were included. It should be noted that any samples taken from PI animals will have tested negative for antibody and therefore would not be detected in this study.
Results
A total of 34 farms were tested. Figure 2 shows the number of farms eligible for testing and the number that were and were not tested. This figure represents the random non-stratified selection of farms. A chi-squared test demonstrated that there was no statistically significant difference between postcode areas in the proportion of farms tested compared with those available for testing (P=0.64). In other words, the farms tested were representative of the samples that were available for testing by postcode area.
Two submitted samples from two selected farms were unable to be tested because of inadequate sample volume. Therefore, two farms had only 14 animals submitted for testing. In one, no antibody-positive animals were identified, and on the other seven positive animals were identified. Pestivirus antibodypositive individuals were identified on 13 out of the 34 farms tested (38 per cent). Taking the sensitivity and specificity of the method into account and using the Blaker method, the true prevalence was estimated to be 54 per cent, with 95 per cent confidence intervals on the estimate of 30.5-80.5 per cent.
18 Table 1 shows the farm status by postcode prefix (positive if at least one animal was identified as antibody-positive) and figure 3 shows the locations of the tested farms by postcode area.
On those positive farms, between one and nine of the 15 animals tested were antibody-positive. Of the 508 animals tested, 51 were pestivirus-positive (10 per cent). Figure 4 describes the number of positives identified on each farm. There was variation in the number of antibody-positive animals identified within flocks, possibly suggesting that some farms had a high level of exposure or transmission, whereas others have a much lower proportion of exposed animals.
Discussion
This analysis demonstrates historical exposure to pestivirus, and because of the sampling method and the structure of the British sheep industry, it is possible that some of the positive animals identified were not exposed on the farm from which the samples were collected. However, this work demonstrates that pestivirus circulates widely in the British sheep flock. This estimate of 38 per cent of flocks containing exposed animals is similar to flock-level prevalence estimates of 46 per cent in Ireland 2 and 30.4 per cent BB  CB  DL  EX  HR  NE  SG  WR  YO  LD  LL  SY  EH  KA  TD   Positive farms  0  0  1  0  1  0  0  1  0  1  1  3  2  2  1   Total tested  1  1  3  5  1  2  1  1  1  1  3  4  3 in Northern Ireland. 6 These found 5.4 per cent 6 and 5.6 per cent 2 positive animals in the whole sample compared with 10 per cent in this current work. Both previous studies and this current study sampled adult animals, so age is unlikely to explain the increased prevalence observed in the present work. It may be that the individual prevalence is higher in Great Britain compared with Ireland, or that prevalence has increased in all parts of the British Isles since the previous studies.
The true prevalence was estimated to be 54 per cent. Considering the sensitivity of the testing method used to define flock status, the underestimate of prevalence is not surprising. It is useful to be able to estimate the true prevalence using methods such as that described in ref 16 . However, for risk factor investigation, it is important to know the true status of individual farms. Therefore, for such studies it may be necessary to increase the number of animals tested per flock. Figure 1 helps to illustrate the pay-off made if an increased number of animals are tested. Namely, when utilising an imperfect diagnostic test, as the number of animals tested increases, although there would be fewer falsenegative farms, there would be an increasing number of false-positive farms. This current work demonstrates that it is possible to identify exposed flocks using a random sample of 15 breeding animals. It is worth noting that dropping the number tested to 10 animals per flock causes the sensitivity to approach 50 per cent (figure 1).
Another notable finding is the wide variation in the proportion of positives identified per flock. Those farms with an apparent high seroprevalence may either be buying replacement animals from a small number of endemically infected farms or themselves have virus circulating currently or recently on the farm (probably due to a PI). The high prevalence farms are likely at low risk of experiencing unusual losses, but are likely to act as a high risk to other farms if selling breeding or store animals. Furthermore, they may be experiencing production losses associated with endemic disease.
The apparent low prevalence farms may represent the acquisition of a small number of seropositive animals from source farms or a very recent incursion or low level of circulating virus. These farms have many naive animals and, if buying from farms with actively circulating disease, they could be at high risk of the production impact of epidemic disease following the introduction of a PI.
The results here demonstrate that the level of ovine pestivirus in Britain is something to be concerned about, 5 and that further work should be urgently carried out to better establish the within-flock dynamics of the disease and its possible production impacts. Furthermore, it will be vital to understand the implications of circulating ovine pestiviruses on national BVD eradication schemes because of the possibility that sheep could be circulating the bovine pestivirus.
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